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Abstract 
Within Australia, both State and Federal governments have exhibited support for 
biotechnology. Agriculture is currently considering whether to embrace new biotechnologies. 
Sustainable development means that economic growth should be promoted but guided in 
ways that are both environmentally benign and socially just. Does biotechnology offer new 
means of attaining sustainability? This paper looks at a number of biotechnology applications 
and evaluates their contribution to sustainable agriculture and development in the Central 
Queensland region. Results show that each application of the technology must be examined 
individually to determine its sustainability in terms of the environment, economic status and 
public acceptance. 
It concludes that the evaluation of environmental outcomes of releases in terms of current 
agro-environmental standards may not be sufficient to ensure the sustainability of the 
technology. It is necessary to question the sustainability of current agricultural practices as 
well.  
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Biotechnology and Sustainable Agriculture in Central Queensland 
The World Commission on Environment and Development defined sustainable development 
in 1987 as: ‘Development which meets the needs of the present without compromising the 
ability of future generations to meet their own needs.’  This definition has since been widely 
adopted.  
Sustainable development means that economic growth should be promoted but guided in 
ways that are both environmentally benign and socially just. It means a path of development 
that improves the total quality of life both now and in the future, in a manner that maintains 
the ecological processes upon which life depends.  There are, however, a number of 
definitions of sustainable development. By the mid 1990s, it was estimated that there were 
over 100 definitions of sustainable development (SustainAbility 2002).   
According to Gray and Lawrence (2001), discussion about sustainable development within 
Australia has been the result of the need to ensure that natural resource development occurs 
within ecological limits and the need to address undesirable downstream effects that have 
resulted from previous resource use. Sustainable Regional Development usually refers to 
development that includes three factors, or ‘the triple bottom line’ as it is called, including: 
economic development, social wellbeing and ecological health. According to SustainAbility: 
At its narrowest, the term ‘triple bottom line’ is used as a framework for 
measuring and reporting corporate performance against economic, social and 
environmental parameters.  
At its broadest, the term is used to capture the whole set of values, issues and 
processes that companies must address in order to minimize any harm resulting 
from their activities and to create economic, social and environmental value. This 
involves being clear about the company’s purpose and taking into consideration 
the needs of all the company’s stakeholders – shareholders, customers, 
employees, business partners, governments, local communities and the public 
(2002:[1]).  
Throughout the world, a number of movements towards sustainable development are taking 
place. The growing influence of private corporations has seen the promotion of socially and 
environmentally responsible investing. As well, microcredit initiatives are attempting to 
alleviate poverty and health problems. There are also a number of ‘ethical’ consumer 
initiatives, with support for ‘fair trade’ commodities and the increasing organic market. Efforts 
are being made to limit the use of many chemicals with the signing of a treaty in December 
2000 to phase out the use of persistent organic pollutants such as DDT (Renner 2001, pp. 
23–24). How does the implementation of biotechnology in agriculture and food production 
affect sustainability, particularly in the Central Queensland area? 
The ultimate destination of all agricultural products is within the food chain. Products are 
grown/developed for either human or animal consumption. (Even natural fibres such as 
cotton and wool have by-products such as cotton seed oil and sheep meat.) The issue of 
whether consumers will be prepared to purchase and eat new products is therefore important 
to agri-food industries. Consumers, worldwide, are becoming increasingly discerning, 
particularly in relation to food safety and nutrition (Almas 1997). They are eschewing foods 
produced with artificial chemicals, purchasing `clean and green’ products, and demanding 
the labelling of any genetically-modified foods (see Harper 1993; Norton 1999). Evidence 
from home and abroad shows that consumers are wary of genetically-modified foods and 
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that there is a growing market for foods that can be guaranteed to be free of genetically-
modified ingredients (Nottingham, 1998; Lawrence et al. 2001).  
Some writers (see Ho 1998; Middendorf et al. 1998) consider that food security for the entire 
planet will be placed in jeopardy by the proliferation of agro-biotechnologies, while others 
(Avery, 1995; Peacock, 1994) consider that food security will be enhanced by novel GMO 
products that increase productivity and reduce environmental pressures. As part of what are 
known as ‘functional foods’ (Lawrence and Germov 1999) GMO-based agri-foods are literally 
‘designed’ so that they might confer benefits such as improved taste, increased nutrition or 
longer shelf life. Yet, there is a concern that their arrival is driven more by the demands of the 
industrial food process than it is for consumer welfare (Goodman and Redclift 1991).  
Australian Biotechnology Research 
There is considerable biotechnology research being undertaken within Australia. Both State 
and Federal governments have exhibited support for biotechnology. In particular, the 
Queensland Government views biotechnology as a means of making Queensland the ‘Smart 
State’. Biotechnology is seen as a way of value-adding traditional commodities for export and 
assisting industry to develop. Genetic engineering is part of a larger range of techniques 
called gene technology. Gene technology refers to ‘a range of techniques for genetic 
investigation, analysis and change that depend on the direct manipulation of DNA’ (CSIRO 
2000). The genetic modification of plants and animals through genetic engineering has 
achieved a great deal of publicity in the past few years. Gene technology also includes DNA 
sequencing which is the process of determining the exact nature of DNA. Part of DNA 
sequencing is the Human Genome Project. This is an international project that seeks to map 
the complete sequence of the human genome. Other projects have identified the complete 
gene sequence of various plant species. As well, Cloning Technology – the process by which 
an exact copy of an organism can be derived from a single cell – is also part of the 
technology. Although widespread use of this technology has been made in the plant 
kingdom, animals, including sheep and cattle, have been cloned only since 1996. The 
cloning of humans has been banned in most nations, including Australia. 
Another example of gene technology is Gene Marker Technology. This includes DNA probes 
in diagnosis and DNA markers in breeding. DNA probes are able to recognise DNA 
sequences associated with genetic diseases. DNA markers are used to identify genes 
expressing desirable traits in organisms. Using these markers it is possible to rapidly select 
superior strains of plants or types of animals for commercial production. Superior animals 
and plants may be identified easily and these individuals selected for production or further 
breeding. (For a full explanation of gene technology see CSIRO web page 
http://genetech.csiro.au) 
Agricultural Applications of Biotechnology 
Agricultural applications of biotechnology are primarily in the form of genetically-modified 
crops. Overseas several crops, including corn, canola, soy beans and cotton, have been 
approved for commercial release and have been grown commercially since the early 1990s. 
A total of 65 different forms of genetically modified plants have been approved for 
commercial release throughout the world (Foster 2001). In Australia, according to the Office 
of the Gene Technology Regulator (OGTR) only varieties of three plants have been 
approved for commercial release – carnations, cotton and canola.  
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The primary modified trait is for herbicide resistance. Plants have been modified to be 
resistant to glufosinate, Basta and glyphosate (Roundup). In addition to these applications 
that have reached the trialling stage, there are many other projects being undertaken within 
Australia. A full listing of gene technology research is available at the Office of the Gene 
Technology Regulator (OGTR) website (see OGTR 2004). The majority of agriculture 
applications relate to plants. In addition to the ones that have reached the trialling stage, 
other research is being conducted, including the control of tomato leaf virus, the manipulation 
of enzymes in sugarcane and production of biodegradable plastics from sugarcane, the 
genetic engineering of carrot and celery, the development of increased frost tolerance in 
wheat, and of drought and salt tolerant wheat. 
Another application of biotechnology is in tissue culture. Using tissue culture, Technico Pty 
Ltd has revolutionised the potato growing industry by slashing the development time for the 
production of commercial quantities of seed potatoes by 60 per cent. Using a method of seed 
potato production from tissue culture, Technico is able to not only reduce the time to produce 
commercial quantities of seed potatoes but ensure a higher quality seed potato. The process 
has increased the productivity of potato plantlets, thus reducing production costs and 
opening new seed opportunities (Biotechnology Australia 2004a and 2004b). 
There are a number of projects involving development of vaccines for cattle, pigs and 
chickens underway. A genetically engineered vaccine against cattle tick, TickGARD, was 
released to the market during 1994.  A sheep vaccine is currently under development by the 
CSIRO.  The sheep's immune system defends itself against parasites like worms by 
mounting an allergic response. This causes the body to reject the parasites. CSIRO has 
developed a way of identifying the proteins or ‘antigens' that trigger this protective, allergic 
response in the sheep. Researchers have transferred genes that made these key antigens in 
the worm into harmless bacteria that live in the gut of sheep. The genetically modified 
bacteria are given to the sheep through its mouth, and once in the sheep's gut produce the 
worm antigens. The cells of the immune system lining the animal's gut recognise these 
antigens and mount an allergic response to eject the worms. The first experimental vaccine 
reduced the amount of worms in sheep by 60 per cent (Biotechnology Australia 2004a and 
2004b). As well, research is being conducted into the insertion of genes into the sheep 
germline to establish a heritable trait of increased wool growth. 
Transgenic pigs are being researched to provide xenograft organs and transgenic goats that 
will carry a gene for the production of human serum albumin are also being developed. It can 
be argued that these two applications are, in fact, medical applications of genetic 
engineering. The management of the resultant animals is, however, an agricultural question. 
Collaborative research by the Monash Institute of Reproduction and Development, the 
Victorian Institute of Animal Science and Genetics Australia has resulted in the birth of 
genetically-engineered cloned calves. An additional gene for milk protein production has 
been inserted into a cloned embryo with the aim of production of more nutritious dairy 
products. It is expected that it will take another 10 years before commercially produced milk 
will be available using this process (Reuters News Service 2002). 
Sustainability of Agricultural Applications in Central Queensland 
The Central Queensland region has a variety of agricultural industries. Cotton and wheat are 
grown in the western areas and sugarcane is grown in both the Mackay and Bundaberg 
regions. These crops are all subject to genetic manipulation. There is also a substantial beef 
industry and some dairy farming.  
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Commercially released genetically-modified cotton is grown in the Emerald area and newer 
GM varieties are being trialled in the area. To determine the sustainability of agricultural 
applications it is necessary to examine them in terms of economic, environmental and social 
issues. 
Cotton 
Cotton has been genetically modified to be herbicide and insect resistant. The risk 
assessment and risk management plan for the release of GM cotton for trials details four 
risks. They are the potential to be harmful to other organisms, including humans, because of 
its toxicity or allergenicity; the potential to be harmful to the environment because of inherent 
weediness; the potential for gene transfer to other organisms; and the potential for resistance 
to insecticidal proteins to develop in target insects in the long term (OGTR 2001). 
The risk assessment assumes that the danger of toxicity or allergenicity of GM cotton to 
other organisms and the risk of weediness is no greater than that of conventional cotton. 
Gene transfer to other plant species, animals or microorganisms is considered to be 
negligible and the risk of transfer to other cotton is considered to be low and manageable. 
The development of insect resistance is possible and plantings are restricted. Refuges are 
planted with non-GM cotton to prevent the spread of resistant insects. The rationale being 
that resistant insects from the GM crop will breed with insects from the non-GM crop and the 
resistance gene will be bred out. On this basis GM cotton could be assumed to be no more 
harmful to the environment than non-GM cotton. To determine if this is, in fact, sustainable 
would require an examination of current agricultural techniques, which is beyond the scope 
of this report. The question must be asked: whether we are prepared to learn from past agro-
environmental problems rather than accept future damage from GM crops as no worse than 
past problems (Levidow 2002)?  
GM cotton has been developed to reduce chemical pesticide use and herbicide use and thus 
provide improved environmental outcomes. The reduction in costs associated with pesticide 
use has been offset by a ‘hefty technology fee and a slight yield penalty’ (Foster 2001: 23). 
However, in the 1999-2000 season GM cotton produced a higher return than non-GM cotton 
– an average $72 improvement per hectare (Foster 2001), suggesting that it is becoming 
economically viable.  
Research into public perceptions of genetically modified organisms has shown that 
acceptance of the technology depends on the type of organism (plant, animal, human) being 
modified and the type of gene transfer occurring, the potential for a positive outcome for 
either the organism or the environment, and whether the resultant organism will be ingested 
(Norton 1999). GM cotton would appear to fulfil all of these requirements. Cotton is a plant, 
the gene transfer is from bacterium to plant; there is a positive environmental outcome – 
reduced pesticide use; and it is not to be ingested (this is not entirely true as cottonseed oil 
produced from GM cotton is licensed for human consumption). Cotton therefore fulfils all of 
the criteria to be acceptable by the public. Applying the concept of the triple bottom line to 
GM cotton, that is, in terms of environment, economics and society, it would appear to be a 
sustainable industry, if we are prepared to accept as the norm current levels of 
environmental damage caused by agriculture. To determine if this is, in fact, sustainable 
would require a broader examination of current agricultural techniques.  
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Wheat 
Wheat is an important grain crop in the Central Queensland region. A genetically modified 
herbicide resistant wheat has been trialled in Australia. Other research, in contained 
environments, involving wheat include resistance to barley yellow dwarf virus, improved 
elastic properties of wheat dough, and altered carbohydrate metabolisms (Foster 2001).  
There have been no commercial releases of GM wheat throughout the world. In the United 
States, registration processes for a herbicide tolerant GM wheat began in 2001. It is 
expected that it will be available commercially between 2003 and 2005. It is claimed that GM 
wheat will increase yields by 10 percent compared with traditional varieties. As well as GM 
wheat, there are conventional varieties of wheat that are herbicide tolerant. While they have 
advantages over traditional varieties they are considered to be inferior to GM varieties. They 
do not, however, face the possible market restrictions of GM wheat. Wheat grower 
organizations are concerned about the commercial release of GM wheat because of 
uncertainty about consumer acceptance and the potential to lose market share. It has been 
estimated that 85 percent of the global customer base for US wheat opposes the 
development of GM wheat. If consumers demand identity preservation of wheat (that is, 
labelling as GM or non-GM) there is no real economic advantage in adopting GM wheat 
(Foster 2001). 
If herbicide resistant wheat follows the same model as herbicide tolerant soybeans, it is 
doubtful that there will be any real environmental benefits, with the exception of an increase 
in no-till production methods1. In many cases herbicide use with GM soybeans is higher than 
herbicide use for traditional varieties. As well, the prevalence of GM soybeans is resulting in 
the more rapid development of weed resistance to herbicides (Foster 2001). The 
sustainability of herbicide resistant wheat must therefore be seriously questioned. 
While herbicide tolerant wheat may not be acceptable to consumers, the same may not be 
true for insect resistant wheat. A survey of Central Queensland residents showed that over 
75 percent of respondents were prepared to eat wheat that had been genetically modified to 
be insect resistant (Norton 2001). This is consistent with the necessity for genetic 
modification to have a real positive outcome for either the organism or the environment for it 
to achieve public acceptance. Altering the focus of research may result in more acceptable 
genetically altered organisms. Monsanto has recently agreed with this assessment by 
announcing that ‘the company is deferring all further efforts to introduce Roundup Ready 
wheat, until such time that other wheat biotechnology traits are introduced’ (Monsanto 
2004:[1]). 
Sugar cane 
Sugar cane has been genetically modified to increase sugar production or have altered juice 
colour and resistance to leaf scald disease. These genetic modifications have reached the 
trial stage. Other research involves the manipulation of enzymes in sugarcane and 
production of biodegradable plastics from sugarcane. To date there have been no 
commercial releases of GM sugar cane nor does there appear to be any planned in the near 
future. GM sugar cane would need to exhibit definite positive environmental outcomes to 
gain acceptance by consumers. The exception could possibly be the genetic modification to 
produce biodegradable plastics from sugar cane. In this scenario, there would be no 
ingestion of the product and downstream environmental advantages. Recent research has 
shown that Queensland consumers are accepting of genetically modified sugar cane (Grice 
et al. 2004) Sugar is, in fact, simply a chemical compound. It is the same compound 
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regardless of the plant from which it is produced. It is also a highly refined product and it has 
been shown that DNA is not present in the final product (Taylor et al. 1999). Sugarcane 
seeds have low germination rates and sugarcane flowering has a negative impact on farm 
yields. After flowering, sugarcane shows a ripening effect followed by a decline in yield due 
to the reduced growth and loss of sucrose (Heinz 1987).  Therefore preventing flowering in 
sugarcane has positive effects for farmers and for decades breeders have conventionally 
developed commercial sugarcane varieties that do not flower. Sugarcane therefore does not 
propagate easily and there is little chance of outcrossing to other varieties. 
Research conducted in Queensland in 2003 showed that cane varieties that reduced inputs 
and increased output should be developed (Grice et al. 2004). Varieties that could be used to 
produce other products such as bioplastics were seen as the more important area of 
research.  The study also showed that it is not the technology, per se, that is the cause of 
concerns being expressed over its adoption. Rather, peripheral issues regarding ownership 
of the technology, the effect of the media and other pressure groups on the public’s 
acceptance of new products including food, and the length of time required to produce new 
varieties still cause many concerns (Grice et al. 2004).  
Animal Vaccines 
A number of different vaccines are being developed using gene technology. Vaccines are 
produced in a closed environment and administered as necessary to animals. They are not 
the subjects of wide scale releases as crops are. Vaccines are developed to treat specific 
problems within livestock. As such, they have a positive outcome for the animals involved, 
and increase productivity. There would appear to be no more negative environmental 
outcome from the use of vaccines developed using gene technology than those developed 
traditionally. There is no reason that they should not add to the sustainability of livestock 
production in the Central Queensland region (CSIRO, 2000) 
Transgenic and Cloned Animals 
Research has shown that the public is not accepting of transgenic and cloned animals 
(Norton 1999 and 2001), particularly when these animals are intended for human 
consumption. There is, however, acceptance of the genetic manipulation of animals when it 
is for medical applications (Norton 2001).  
While dairy calves have been genetically modified and cloned, the commercial application of 
this technology is some years away. This technology is designed to produce more nutritious 
milk and increase export markets. In addition, the techniques could be used to develop dairy 
cattle that can produce human medicines and vaccines at a fraction of conventional chemical 
production costs (Reuters News Service 2002). The potential for environmental damage from 
cattle produced in this way would appear to be no more than that from conventional cattle. 
The economic potential is harder to assess, but medicine production costs would be 
reduced.  
It is difficult to ascertain the sustainability of transgenic and cloned animals, as the purpose 
of each animal must be addressed. Where medical applications are involved, moral and 
ethical issues beyond the scope of this report must be investigated. In general, consumer 
acceptance of genetically-modified animals is low and developments such as these would 
meet with substantial public resistance. 
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Tissue Culture and Other Gene Technology Techniques 
Tissue culture is a gene technology technique that allows the rapid development of new 
varieties of crops that are not necessarily genetically modified. It allows the development of 
high quality plants with attendant increased profits. Other gene technology techniques can 
also be used to develop non-GM plants with improved characteristics. By using genetic 
markers to identify cells with particular traits, plants can be bred that contain the required 
characteristics. The resultant plant is not genetically modified but has been produced using a 
combination of conventional breeding techniques and gene technology (Pew Initiative on 
Food and Biotechnology 2001). These techniques are extensions of current agricultural 
practices and are as sustainable as other forms of agriculture. 
Summary 
Vaccines developed for livestock using gene technology have proved themselves to be 
effective and are of assistance to the relevant livestock industries. Gene technology 
techniques such as tissue culture and genetic markers also have much to offer agricultural 
industries. 
The sustainability of agricultural biotechnologies is dependent on its effect on the 
environment, profitability and consumer acceptance. The environmental impact of agricultural 
biotechnologies is assessed prior to release in terms of current agriculture practices. There 
has been little long-term research of the long-term effects on the environment of transgenic 
crops. Consumers are also expressing doubts about the safety of eating transgenic crops in 
the long term. In order to remain sustainable, the industry must focus new research on the 
development of crops that meet consumers’ expectations, particularly in regard to positive 
effects on the environment.  The promises of increased yields from transgenic crops have 
not always been realised. Lester Brown of the Worldwatch Institute considers: 
Biotechnology is often cited as a potential source of higher yields, but although 
biotechnologists have been engineering new plants for two decades, they have 
yet to produce a single variety of wheat, rice, or corn that can dramatically raise 
yields. The reason is that conventional plant breeders have already done most of 
the things they could think of to raise grain yields. One area where biotechnology 
might prove useful is in the development of more drought-tolerant crop varieties. 
Perhaps the largest question hanging over the future of biotechnology is the lack 
of knowledge about the possible environmental and human health effects of 
using genetically modified crops on a large scale over the long term (2001, p. 
52). 
Food Processing and Beverages 
Plant cell culture is a natural and sustainable bioprocess where plant cells are used to 
produce valuable chemicals in an industrial fermentation facility. These natural plant 
compounds can include food ingredients such as natural colours, flavours, emulsifiers and 
stabilisers, antioxidants and preservatives. They also include plant-derived pharmaceuticals 
and herbal medicines. Plant cell culture and its use for the development of bioproducts is still 
in its infancy.  Bioproducts are used in a wide range of processed foods such as soft drinks, 
ice creams, baked products and confectionary. They are used to modify texture by thickening 
or gelling; to stabilise complex mixtures or improve shelf life; to add nutritional properties; 
and for colour and flavour.  
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In Australia, there are currently several GM products that have been approved for use in food 
processing. A number of genetically modified food processing enzymes, including Chymosin, 
which is used in cheese production, have been approved for use in foods. In addition, 
soybean vegetable oil and protein meal; corn oil, flour or syrup; cottonseed oil and linters; 
and canola oil from genetically modified crops have been approved for human consumption. 
(For a full list of GM products see Appendix III.) 
Sustainability of Food Processing and Beverages Applications 
While there are only limited commercial agricultural releases of GM crops in Australia, 
ANZFA has approved for human consumption a number of products from imported GM 
soybeans, GM canola and GM corn. These products are the cause of concern for 
consumers. Research has shown that consumers wish these products to be labelled as 
containing genetically-modified organisms so that they can make the final choice on whether 
to ingest them (Norton 1999; European Commission 2001). 
Following a meeting of Australian and New Zealand health ministers in July 1998, foods 
containing genetically-modified ingredients are required to undergo safety testing based on 
the assumption of substantial equivalence. This testing has been criticised by some 
scientists as being insufficient to determine possible side effects of the new products 
(PSRAST 1999). ANZFA released a draft standard for regulation of genetically-engineered 
foods in 1997. This standard required a case-by-case assessment of all products produced 
using gene technology prior to their market entry. In December 1998 a meeting of Australian 
State and Federal Health Ministers and the New Zealand Associate Minister for Health 
favoured the labelling of all genetically modified foods. Despite moves to prevent labelling 
from occurring, in August 1999 labelling was made mandatory for all products containing 
genetically-engineered organisms (ABC Online 1999).  In July 2000 Health Ministers on the 
Australia New Zealand Food Standards Council (ANZFSC) amended the mandatory labelling 
provisions in the Standard by requiring labelling of genetically modified food where novel 
DNA and/or protein is present in the final food and where the food has altered 
characteristics.  
Ingredients would be exempt from GM labelling where they contain up to 1% of 
genetically modified material but only where its presence is unintended. Highly refined food 
where the effect of the refining process is to remove novel DNA and/or protein, processing 
aids and food additives except those where novel DNA and/or protein is present in the 
final food, flavours which are present in a concentration less than or equal to 0. 1% in the 
final food and food prepared at the point of sale would be exempt from these requirements. 
These amendments took effect on 7 December 2001.  
Foods that are produced using genetically-modified food processing enzymes such as 
Chymosin, for cheese production, do not suffer the same lack of public acceptance. 
Research results have shown that a majority of people consider that genetically engineering 
of this type of organism is acceptable, that there would be no long-term health effects from 
eating it, and they were prepared to buy it. Despite this, a majority also felt that the resulting 
product should be labelled as being produced using genetic engineering techniques (Norton 
1999).    
Products containing genetically modified organisms will only gain public acceptance if they 
are properly labelled and the public is allowed to make its own choice on their use. The lack 
of labelling has meant that the public has developed suspicions over the safety of the 
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resultant products, which must be overcome if the technology is to be accepted (Norton 
1999). 
Conclusion 
An examination of the various applications of biotechnology demonstrates that it is not 
possible to determine an overall position for biotechnology in the Central Queensland region. 
Gene technology, and particularly transgenic organisms, is the application of biotechnology 
of which the public has the most awareness. The technology stretches beyond this 
application. The development of transgenic organisms and subsequent negative consumer 
response has overshadowed other applications of the technology. Resistance to the 
technology is most evident when the resultant product is to be ingested. Each application of 
the technology must be examined on its own merits to determine its sustainability in terms of 
the environment, economic status and public acceptance. 
Commercial releases of transgenic crops have resulted in considerable concern over the 
environmental effects of these modified organisms. Current methods of evaluation of the 
potential environmental harm may need to be re-evaluated to determine their efficacy. 
Evaluation of environmental outcomes of releases in terms of current agro-environmental 
standards may not be sufficient to ensure the sustainability of the technology and agriculture 
in general. It is necessary to question the sustainability of current agricultural practices as 
well.  
The use of genetic markers to speed the development of improved non-GM organisms will 
enhance agricultural industries without resulting in the release of GM organisms. These 
techniques combine both traditional breeding and gene technology to determine desired 
traits and thus result in the required genetic improvement in a shorter time frame than 
traditional methods alone.  
The research conducted was a desktop analysis and conclusions have been based on 
previous studies. Further research is required to determine the drivers behind consumer 
attitudes towards biotechnology, not just the development of genetic engineering. 
While agricultural applications are not the only use for biotechnology, their introduction has 
been a point of contention and much resistance to their introduction has been documented. 
The debate over labelling of resultant products has emphasised this resistance. It is 
necessary to conduct further consumer research to investigate the ways agri-food GMOs and 
other biotechnologies are socially constructed as either safe or unsafe. 
The resistance to the introduction of gene technology has demonstrated the lack of effective 
communication between lay people and experts. It is necessary to address this by 
conducting further research to determine the ways in which communication between 
scientists and the public can be enhanced in relation to biotechnologies. To this end, it is 
necessary to facilitate community seminars, forums and workshops that disseminate 
research findings about all biotechnologies and demonstrate that they extend beyond the 
contentious issues of transgenic organisms. 
                                                 
1  No-till or reduced till production methods require no ploughing or reduced ploughing prior to planting. 
Seeds are planted through the existing ground cover. This method conserves top soil. 
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Appendix 1 
List of approved food produced using gene technology 
Reproduced from http://www.ogtr.gov.au/rtf/gmorec/gmfoodprod2.rtf
 
Approved food produced using gene technology 
Common 
name of 
GM 
product 
Description of 
food 
Parent 
Organism 
Common 
Name 
Parent 
Organism 
Scientific 
Name 
Details of 
Modified Trait 
Gene(s) responsible for 
the modified trait 
Applicable 
Act 
Date of 
Approval 
Condition
s* 
Organisation 
Name 
soy foods, 
soybean oil 
or protein 
meal 
Roundup Ready 
soybean 
soybean 
Glycine 
max 
Tolerance to the 
herbicide 
glyphosate 
Gene for CP4 EPSPS, 
derived from Agrobacterium 
species strain CP4 
FSANZ Act 
1991 
28/07/2000 None Monsanto 
Australia Ltd  
cotton oils 
and linters 
Ingard® cotton cotton Gossypium 
hirsutum 
Insect protected cry1Ac gene from Bacillus 
thuringiensis   
FSANZ Act 
1991 
28/07/2000 None Monsanto 
Australia Ltd  
corn oil, 
flour, sugar 
or syrup 
Yieldgard corn corn Zea mays Insect protected cry 1A(b) gene from Bacillus 
thuringiensis subsp. kurstaki 
FSANZ Act 
1991 
24/11/2000 None Monsanto 
Australia Ltd  
cotton oils 
and linters 
Roundup Ready 
cotton 
cotton Gossypium 
hirsutum 
Tolerance to the 
herbicide 
glyphosate 
EPSPS gene derived from 
Agrobacterium sp. strain 
CP4 (CP4 EPSPS).   
FSANZ Act 
1991 
24/11/2000 None Monsanto 
Australia Ltd  
corn oil, 
flour, sugar 
or syrup 
Roundup Ready 
corn 
corn Zea mays Tolerance to the 
herbicide 
glyphosate 
A modified EPSPS gene, 
produced from the wildtype 
EPSPS gene from corn (Zea 
mays)  
FSANZ Act 
1991 
24/11/2000 None Monsanto 
Australia Ltd  
canola oil Roundup ready 
canola 
canola Brassica 
napus 
Tolerance to the 
herbicide 
glyphosate 
The gox (glyphosate 
oxidoreductase) gene from 
Ochromobactrum anthropii 
strain LBAA. The CP4-
EPSPS gene, from 
Agrobacterium sp. strain 
CP4 
FSANZ Act 
1991 
24/11/2000 None Monsanto 
Australia Ltd  
canola oil 
and seeds 
Glufosinate-
ammonium 
tolerant canola 
lines and 
glufosinate-
ammonium  
tolerant and 
pollination 
controlled 
canola lines 
canola Brassica 
napus 
7 breeding lines 
of canola, 
tolerant to the 
herbicide 
glufosinate-
ammonium. 
The bar gene, from 
Streptomyces 
hygroscopicus, the pat 
gene, from Streptomyces 
viridochromogenes, the 
barstar and barnase genes 
from Bacillus 
amyloliquefaciens  
FSANZ Act 
1991 
9/05/2002 None Aventis 
CropScience 
Pty Ltd  
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corn oil, 
flour, sugar 
or syrup 
Liberty Link corn corn Zea mays Tolerance to the 
herbicide 
glufosinate 
ammonium 
Gene for PAT from 
Streptomyces 
viridochromogenes strain 
Tu494 
FSANZ Act 
1991 
9/05/2002 None Aventis 
foods 
derived 
from sugar 
beet 
Roundup Ready 
sugar beet 
sugar beet Beta 
vulgaris 
Tolerance to the 
herbicide 
glyphosate 
The cp4-epsps gene from 
Agrobacterium sp. strain 
CP4 and gox gene from the 
soil bacterium 
Ochromobactrum anthropii 
strain LBAA 
FSANZ Act 
1991 
9/05/2002 None Monsanto 
Australia Ltd  
cotton oils 
and linters 
OXY or BXN 
cotton 
cotton Gossypium 
hirsutum 
Tolerance to the 
herbicide 
bromoxynil 
oxy gene from the soil 
bacterium Klebsiella 
pneumoniae subspecies 
ozaenae 
FSANZ Act 
1991 
9/05/2002 None Aventis 
CropScience 
Pty Ltd  
corn oil, 
flour, sugar 
or syrup 
BtX corn corn Zea mays Insect protected 
and glufosinate-
ammonium 
tolerant 
Gene for CryIAc from 
Bacillus thuringiensis. Gene 
for Bar is derived from 
Streptomyces hygroscopicus 
FSANZ Act 
1991 
17/09/2002 None Monsanto 
Australia Ltd 
potatoes New Leaf® 
potatoes 
potato Solanum 
tuberosum 
L. 
Protected against 
a range of 
insects, including 
the Colorado 
potato beetle 
cry3Aa gene bacterium 
Bacillus thuringiensis 
subspecies tenebrionis 
(B.t.t.).   
FSANZ Act 
1991 
30/08/2001 None Monsanto 
Australia Ltd  
potatoes New Leaf® Plus 
potatoes 
potato Solanum 
tuberosum 
L. 
Protection 
against Colorado 
potato beetle 
(CPB) and potato 
leafroll virus 
(PLRV)  
cry3Aa gene from the soil 
bacterium Bacillus 
thuringiensis subspecies 
tenebrionis (B.t.t.) and the 
PLRVrep gene from PLRV 
FSANZ Act 
1991 
30/08/2001 None Monsanto 
Australia Ltd  
potatoes New Leaf® Y 
potatoes 
potato Solanum 
tuberosum 
L. 
Protected against 
a range of 
insects, including 
the Colorado 
potato beetle and 
protected against 
potato virus Y.   
the cry3Aa gene from the 
soil bacterium Bacillus 
thuringiensis subspecies 
tenebrionis (B.t.t.) and the 
coat protein gene (PVYcp) 
from PVY.   
FSANZ Act 
1991 
30/08/2001 None Monsanto 
Australia Ltd  
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corn oil, 
flour, sugar 
or syrup 
Bt-176 corn  corn Zea mays Insect protected cry1A(b) gene from Bacillus 
thuringiensis subsp kurstaki 
FSANZ Act 
1991 
30/08/2001 None Novartis 
Seeds Pty Ltd  
corn oil, 
flour, sugar 
or syrup 
Bt-11 corn corn Zea mays Insect protected 
and glufosinate-
ammonium 
tolerant 
cry1A(b) gene from the 
bacteria Bacillus 
thuringiensis, pat gene 
derived from the bacteria 
Streptomyces 
viridochromogenes  
FSANZ Act 
1991 
30/08/2001 None Syngenta 
Seeds 
(formerly 
Novartis 
Seeds Pty 
Ltd) 
soy foods, 
soybean oil 
or protein 
meal 
High oleic 
soybean lines 
soybean Glycine max Modified to 
express high 
levels of oleic 
acid, a 
monounsaturated 
fatty acid 
A second copy of the 
soybean GmFad 2-1 gene 
FSANZ Act 
1991 
24/11/2000 Label 
must 
contain a 
statement 
to the 
effect that 
the food 
has been 
genetically 
modified 
to contain 
high levels 
of oleic 
acid.  
Optimum 
Quality Grains 
LLC  
canola oil Navigator™ 
canola 
canola Brassica 
napus 
Tolerance to the 
herbicide 
bromoxynil 
oxy gene isolated from 
Klebsiella pneumoniae 
FSANZ Act 
1991 
17/09/2002 None Rhone-
Poulenc Rural 
Australia Ltd 
(Aventis 
CropScience) 
corn oil, 
flour, sugar 
or syrup 
Roundup Ready 
corn line NK603 
corn Zea Mays Modified to be 
tolerant to 
glyphosate 
herbicide 
EPSPS gene derived from 
bacterium, Agrobacterium 
sp. strain CP4 (CP4 EPSPS) 
FSANZ Act 
1991 
20/06/2002 None Monsanto 
Australia Ltd  
cotton oils 
and linters 
Bollgard II® 
cotton 
cotton Gossypium 
hirsutum 
Insect protected cry1Ac and cry2Ab genes 
from Bacillus thuringiensis   
FSANZ Act 
1991 
24/10/2002 None Monsanto 
Australia Ltd  
corn oil, 
flour, sugar 
or syrup 
Herculex Insect 
Protection 
corn Zea mays Protected from 
major 
Lepidopteran 
insect pests, 
including the 
European corn 
borer, and 
glufosinate-
ammonium 
tolerant 
cry1F gene is a synthetic 
version of a gene from 
Bacillus thuringiensis. The 
pat gene is derived from 
Streptomyces 
viridochromogenes  
FSANZ Act 
1991 
31/07/03 None Dow 
AgroSciences 
Australia Pty 
Ltd  
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soy foods, 
soybean oil 
or protein 
meal 
Liberty Link 
soybeans 
soybean Glycine max Tolerant to the 
herbicide 
glufosinate 
ammonium 
pat gene from Streptomyces 
viridochromogenes strain 
Tu494 
FSANZ Act 
1991 
Assessment 
in progress 
None Bayer 
CropScience 
corn oil, 
flour, sugar 
or syrup 
MON863 corn corn Zea mays Protected against 
corn rootworm 
cry3Bb1 varient derived from 
Bacillus thuringiensis 
FSANZ Act 
1991 
Assessment 
in progress 
None Monsanto 
Australia Ltd  
soy foods, 
soybean oil 
or protein 
meal 
Liberty Link 
soybeans 
soybean Glycine max Tolerant to the 
herbicide 
glufosinate 
ammonium 
pat gene from Streptomyces 
viridochromogenes strain 
Tu494 
FSANZ Act 
1991 
29/4/04 None Bayer 
CropScience 
corn oil, 
flour, sugar 
or syrup 
MON863 corn corn Zea mays Protected against 
corn rootworm 
cry3Bb1 varient derived from 
Bacillus thuringiensis 
FSANZ Act 
1991 
17/12/03 None Monsanto 
Australia Ltd  
*Food produced using gene technology is required to be labelled under Standard 1.5.2 of the Australia New Zealand Food Standards Code  
 
Approved GM food processing enzymes 
Common 
name of 
GM 
product 
Description of 
food 
Parent 
Organism 
Common 
Name 
Parent 
Organism 
Scientific 
Name 
Details of 
Modified Trait 
Gene(s) responsible for 
the modified trait 
Applicable 
Act 
Date of 
Approval 
Condition
s 
Organisation 
Name 
Food 
processing 
enzyme 
lipase fungus Aspergillus oryzae 
Expression of the 
enzyme lipase 
Gene for lipase, 
triacylglycerol isolated from 
Fusarium oxysporum 
FSANZ Act 
1991 20/06/2002 None Novo Nordisk  
Food 
processing 
enzyme 
lipase fungus Aspergillus oryzae 
Expression of the 
enzyme lipase 
Gene for lipase, 
triacylglycerol isolated from 
Rhizomucor miehei 
FSANZ Act 
1991 20/12/2001 None Novo Nordisk  
Food 
processing 
enzyme 
Maltogenic 
amylase bacterium 
Bacillus 
subtilis 
Expression of the 
enzyme 
maltogenic 
amylase 
Gene for maltogenic 
amylase isolated from 
Bacillus stearothermophilus 
FSANZ Act 
1991 20/12/2000 None Novo Nordisk 
Food 
processing 
enzyme 
Pectin 
methylesterase 
or 
pectinesterase 
fungus Aspergillus oryzae 
Expression of the 
enzyme 
pectinesterase 
Gene for pectinesterase 
isolated from Aspergillus 
aculeatus 
FSANZ Act 
1991 20/12/2001 None Novo Nordisk  
Food 
processing 
enzyme 
6-phytase fungus Aspergillus oryzae 
Expression of the 
enzyme 6-
phytase 
Gene for 6-phytase isolated 
from Peniophora lycii 
FSANZ Act 
1991 20/12/2001 None Novo Nordisk 
Food 
processing 
enzyme 
glucose oxidase fungus Aspergillus oryzae 
Expression of the 
enzyme glucose 
oxidase 
Gene for glucose oxidase 
isolated from Aspergillus 
niger 
FSANZ Act 
1991 27/02/2003 None Novozymes 
A/S 
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